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ABSTRACT

During the past two ycars, forcee linnting has
been used in the random vibration teste ot
many of the equipment items onthe Cassiind
spacccraft. (See for' example “1 ‘orce Vin it
Vibration Testing of Cassim Spuces e L
Cosinic Dust Analyzer” (Jahn 96]. ) 1 hic foree
limits for the CDA and other equipmentortic
Cassini spaceeraft were derived vsiyag thie
methods described i n the 1 994 Space 1t
Structures and Mechanical Testing Conterance,
[Scharton 941] . Herein, verification ol the
Cassini equipment  random vibi ation st
acceleration  al 1d force  specifications s
provided by interface acceleration ad e
data measured in acoustic tests of the iy wsini
spacecraft development test model (1 1M,

Three acoustic tests have been per formec: on
the Cassini DIM structure with ¢if f1 ot
structural and equipment configurations.’} e
acceleration and force spectra at theimtetiaces
between tile cquipment items and the spo 1l
DTM structure were measured in the aeoistic
tests and compared with the equiptncentiarion
vibration test specifications. ‘1’1 1cspractiaft
apparent masseswere also hicastn ¢daihe
cquipment mounting pointsonthc 11NV
structure and used in the force limitpncdiction
mecthods. The pre.dieted force. limitsaweshiown
tobe very conservative with respectto (1nuch
gr’cater. than) the measured limits. ‘3 “tw tarce
prediction methods have been ver i fed i
they nced to be refined and validated widnon
system and flight data. The acoustic test duts
showed that the equipment random v by aton
test acccleration specifications  wiese  dlso
conservative, but not unduly so.

1. DESCRIPTION O} C ASSINI MISSION

Satun 11 and s 1rnoon Titan  wili - be the
destination for the Cassini mission, a project
under jomt development by NASA, tile
Furopean Space Agency (ESA) and the Ttalian
Space Agency. ‘TheU .S, portion of the
mission 1S managed for NASA by the Jet
Propulsion Laboratory (JPL). After arriving, at
the 1inged planct, the Cassini orbiter (see Fig.
1) will release the Huygens probe, provided by
ESA. which will descend to the surface  of
Titan. The Cassini orbiter will then continue on
a mission of atleast four yearsin orbit around
Satw i Launched in October 1997 on a Titan
IV-Centaur rocket from Cape Canaveral in
Florida, Cassini will first execute two gravity-
assist flybys of Venus, thenone each of the
1 ‘arth and Jupiter to send it on to arrive at
Satulwin June 2004,

‘I he Cassini orbiter weighs a totalof 2,150
kilograms (4,750 pounds); after attaching the
350- kilogramn Huygens probe anti a launch
vehicle adapter and Joading more than 3,000
kilograins (6,600 pounds) of propellants, the
spaceeraft welghit at launch is about 5,800
kilograms (1 12,800" pounds). Because of the
very dimsunlight @ saturn’s orbit, solar
artavs are not feasible and power will bc
suppliecd by a St of Radioisotope
Thermoclectiie (Generators (RT'G’ ) which use
heat from the natural decay of - plutonium  to
£ cnet ate electricity to ran Cassini . Hq uipment
I oratotal 0" twelve science experiments 1S
carnied onboar d the (Cassiniorbiter and another
sixfly 011 the Buygpens Titan probe.




Fig. 1 Cassini Spacecraft Image (Show g Subject R1G’s, RPWS, and PMSEA Equipment)

2. SPACECRAFT DTM ACOUSTIC *1ESTS

Three acoustic tests of the Cassim spaceciafl
1 development Test Model (IDTM) thave tr e
conducted (Aug. 94, Sept. 95, and Dech)
in JP1’s 300" cu. m (10,000 cu.ir)
reveberent acoustic  chamber  Tach ol
involved different configurations of | Y1\,
flig ht, and engincering model spacee af t
hardware and science instruments. ‘1 he two
primary objectives of these tests were: | 1
serve as precursors to the flight spacee afi
acoustic test in the Fall of 1996 and 2. 1o
provide verification of the apiiori predicied
acoustical ly-induced random vibiation et
levels  at equipment locations on  the
gpacecraft The locations included .
attachment interfaces of science instrurenits.
R TG’s, reaction wheels, and other spacccr i |
assemblies. In many cases, both thenterfee

acee laration and  inerface force  were
meassured, and 11 some cases the accelcration
1 esponse at a position near the equipment
center of gravity (c. g.) was also measured.

The Sept. 95CassinilYIM acoustic test
included  the  most  complete  spacecraft
configuration, which is shown in Fig. 2. That
test configmationincluded two mass mock-
ups and onc dynainic model of an RTG and
an cugineering model of @ Radio Plasma
Wave  Subsystern Antenna Assembly
(RPWS), which we two Of the three
assemblies discussed in detail herein. The
third assembly discussed here is the
Propulsion Module Subsystem lectronic
Assembly (PMSEA) which was simulated
with @ 1nass mock-up in the Sept. ‘95 test, but
was represented with an enginecring model in
the Dec. 795 follow-on 1YIT'M acoustic test.




Fig. 2 IDYTM Spacecraft in Acoustic (Chatnt et

3. EQUIPMENT RANDOM VIBRATION
TEST SPHCIFICATION S

Acceleration Specifications

The random vibration test accelerstion
specifications for equipment on thc (“assin
space.craft were generated by di viding the
spacecraft into four different  zoncswnch
pritnarily 1eflected the surface density ol the
equipment mounting  structure  and  the
distance  from  acoustically  responsive
structures such as the high-gain antenn
launch vehicle adapter, etc. The accelerations,
for each zonc were initially determinedhy
scaling random vibration data fromJP}™
Galileo spacecraft IDTM and flight spacecral
acoustic tests.In special cases, c.p.  the
RTG’s, the accelerations were detesninad
using the VAPEPS vibroacousti ¢ progian.

A's the Cassini program progressed ind
results from the IYTM acoustic tests boci
available, the acceleration specifications wisc
reviewed for each equipment itcin and, w
general, were supported by the dats A

comprchensive test program was conducted to
develop anoptimum acoustic liner for the.
interior or the Titan/Centaur fairing. A {ull
scale acoustic testof the fairing and spacecraft
follow-on 1YI'M confirmed the reduction of
interior - sound levels, so the Cassini
cqupment random  vibration  acceleration
specifications werereduced by 2 dB.

Foree Specifications

The Cassini spacectaft program utilizes dual
contiolof accelerationand force in equipment
random vibration tests, in order 1o mitigate the
arti ficial 1esonances  and high responses
which occutin conventional vibration tests.
The foree limiting, approach was described at
the 1994 Spacccraft  Stractures  and
Mechanical * 1 esting Conference [Scharton 94]
and is aiso desciibed at this conference [Jahn
96] in acompanion paper dealing with tile
Cassint Cosmic Dust Analyzer (CDA) science
mstrament.,

Theandomvibrationtest force  specifications
fornost equipmient on the Cassini - spacecraft
wer ¢ ogenet ated usi ng the Two-Degree-of-
Frecdom System (1'DHS) models, described
previously [Scharton 95]. In this approach,
the equipment  and  mounting — structure
intet face acceler ation and force frequency
spectraare caleulated using the *1' 1)13 models,
defined with the equipment and mounting
stracture modal effecti ve masses.  (Coupled
system models with more than two degrees of
fi cedom can also be used.) The calculated
acceleration and force Spectra are enveloped,
and the1atio of foree to acceleration envelopes
is caleulated. Fatvally, the Torce specification is
gencrated by multiplying  this  ratio of
cn velopes by the acceleration specificat ion.
Notice that the for ce specifications developed
m this way are proportional to the acceleration
speaification, SO ally criors, — conservatism,
and margin in the acceleration specification
are carricd overinto the force specification.

Typcally, the modal effective masses used to
de velop the for ce specifications were {irst
estimated using infinite system calculations,
later caleulated '] omPEM S [Wada 72.], and
fimally  updated  With  gpparent ~mass
mcasurements, 101 the  equipment, tile
apparentmasseswere measured in lOW Jevel



sine (rots conducted as a precutsortothe
vibration qualification tests. For the mounting
structure, the apparent masses wer ¢ neasuied
in tap tests, using a typical modaltestsct-up

Thispaper focuses on random viby & icn
testing, but force limiting is also usedat /P
in low-frequency sine tests of equipticntu
the following mannecr. The designloudis
oftendefinedas the quasi-static limnitload.
which may bcinterpreted as the accelerarion
of tile center-of-gravity (c.g. ) of the
cquipment. However, It IS impossible 10
measure the acceleration of thecg. oia
nonrigid body with an acceleromecier, heciuse
with deformation the ¢.g. becomes a virtnal,
not area point. Measuring and controlling the
interface force 1S a convenient, alternat iy ¢
method of limiting to the quasi-static desipn
loads, since the external force divided by the
total mass is always equal to the oy
acceleration (Newton’s 2nd 1.aw ).

4. R ADIOISOTOPYE, THERMOLELECYRIC
GENERATORS (RTG’ s)

Figure 3 shows the dynamic model ol
Cassini RTG mounted on a shaker for the
axial vibration test. Your medinmn  sivcd
triaxial force gages arc mounted between the
circular shaker adapter plate and the squae
RTG base.

Figure 4 shows the acceleration i, i
measured in different axes at the RTG | e
during the Sept. 95 IDTM acoustic test. Also
shownin Vig. 4 is the RTG random vib: ation
test acceleration specification (0.08 (/1171
which corresponds t0 Cassini equipment zonie
1. (Inthisand the similar plots presented
herein,both tile acoustic test dutaanithe
random vibration test specification have Tdi
of margin over the. predicted gt
environment.) Comparison of thic data ar i
specification in Fig. 4 indicates 1cinatkahle
agreement; that is, the specification 1Usthaicly
envelopes the data  over the con e
frequency range from 20 to 1000117

Fig. 3 1 ynamic Modcel of Cassini RTG
Mounted for Axial Vibration Test

i sgure 5 shows the. for cc data measured in
different axes a the RTG base during the
Sept. 95 DTM acoustic test. in each case, the
forceshownisthetotal force acting in each
dircction, i .¢.the surn of the forces at the four
RTG attachment bolts. (The rcai-time sum of
the forces from several piezoelectric force
gages 1S casily obtained by combining the
signals from the individual gages in a junction
box befor ¢ tile chat ge anplifier.) For
compat ison, Hig. Salso shows the form
speafication for the RTG random vibration
tests, derived fiom the TDYES as previously
described. A Cassini_equipment generic
preliminary force specification, which is
proportional tothe equipment weight squared
and the acccler ation  specification power
spectral density 1S aso shown in Fig. 5. The
RT'G foree specification exactl y envelopes the
axia) data at 220 Hz, which 1S a critical
frequency forthe  I<1'G, and is quite
conservati ve at other frequencies. The Cassini
generie for ce specification 1S approximately 7
dHabove the R'] ‘Gfoice specification in the
mid-frequencies.
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5. RADIO PLASMA WAVESUBSYS Tt M
ANTENNA ASSEMBLY (RPWS )

Iigure 6 shows the engineering 1odel of tf ¢

Cassint RPWS mounted on a shaker for a
lateral vibration test. Three small sized tiia<ial
force gages @ ¢ mounted bet \\ "¢l 11l

rectanguiar  test fixture and the RPWS
triangular  base.  Yigure 7 hows  the

acceleration datamncasured in different axes at
the RPWShase during the Sept. 95 DIM
acoustic test. Also shown in Fig. ‘/ is the
RPWS ra ndon  vibr ation test acceleration
specification (0.15 G'/Mz), which
corresponds to ( lassini equipment zone 2.
g, 7 siloX\\’s thatthe data exceed the
specification by 7 dB at 55 Hz for the 7 axis
(mormaly and * e about 4 dB below  the
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5. R ADIO PLASMA WAVE SUBSYNTEHN
ANTENNA ASSEMBLY (RPWS)

Figure 6 shows the cngincering nmodel of ti
Cassini RPWS mounted on a shaker fora
lateral vibration test, Three small sized tyax n
force gages al ¢ mounted  between e
rectangular  test  fixture and the RPPW S
triangular base. FYigure 7 snows the

acceleration dats measw edin different axesat
the RPWS base during the Sept. 95 DIM
acoustic test. Also shown in Yig. 7 is the
R PWS random vibr ation test acccleration
speci hication— (0.15 G¥Hyz),  which
conesponds to Cassini equipment zone 2.
Tig. /7 Snows thatthe data exceed the
speeificationby “/ dB al 55 Hz for the z axis
(mormal) and ~arc about 4dB below the




specification at the higher frequencies, abn ¢ Figure 8 shows the 1'()]CC data measured in

200 117. The combined RPWS wiidtiues different axes at the RPWS base during the
mounting  structure  apparentl)  has 4 Sept. 95 DI'Macoustic test together with the
fundamental resonance at 55 117 andin RPWS  iandom  vibration  test  force
attenuated respons ¢ 111 the higher 1 Todes spevification. The force specification is 8 dB

areater than the data at 5 1z and much

ercater at hieh fiequencies. Also shown is the
Cassini generic prehminary force specification
which IS very conservative.

6. PROPL(11.SIONMODULE SUBSYSTEM
1 1ECTRONIC ASSEMBLY (PMSEA)

Figure 9 shows the flight Cassini PMSEA
moumted on ashaker for the axial vibration
test Four small sized tnaxial force gages are
Jocated ar the cotners of the PMSH A base,
t)yL [\"\ cell the shakerhead expander and the
base. Here, as with the RTG and RPWS
iteins, no additional fixturing was necessary
to install the foree gagesinthe spacecraft
YI'M acoustic testor in the equipment
vibration tests. The flight fasteners were
shmply made longerto accommodate the force
guge thickness.

Fig. 6 Engincering Modcl of Cassini RPW S
Mounted for Lateral Vibr ation v fest
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Tig. 9 Cassini Flight PMSEA Mounted fo

Axial Vibration Test

1 iguwe 1() showsthe acceleration data
measured in dif ferentaxes at the PMSHA base
duringthe 1)cc. 95 follow-on IYTM acoustic
[est. (The PMSEA was simulated by a mass
sit nulator inthe Sept. 95 DTM acoustic test. )
The I'MS} iA isabig clectronic box mounted
to the propulsion module section of the
spaceet aft (Fig. 1), Also shown in Fig. 10 is
the PM SEA randorn vibration test acceleration
specification (0,1 G'/H7), which corresponds
to Cassinizone 3.'The data are considerably
less  than  the  specilication  at the  low
frequencies but agrec wcl]] at the higher
frequencics, above 300~ Hz. This behavior
contrasts  sharply — with the  strong
fundamer tal-fi cquency response  of  the
RPWS discussed previously. The strong high
frequency responsc at the PMSEA interface is
apparentlty - Lot due t o direct  acoustic
excitation, because the response was similar
inthe Sept. 9510TM test when the PMSHA

was modeled with a mass simulator.
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Figure 11 shows the force datamcasured
different axes at the PMSEA base during the
Dec. 95 follow-on DTM acoustic test togethivt
with the PMSEA force specification, whi h
was actually derived by
data. (The random vibration testof tw
I’'MS] ‘Aoccurred somewhat after the ee, ¢ 5

enveloping thicse

I
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=== 1 (f<ad), 97 It, rins
Co F2Qlang) 74 1t
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woess force Spec ‘
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IYI'M acoustic test, so that in this case it was
possible to use the envelope of the acoustic
test data as the for ce specificat ion, rather than
_ ( from the
THES analytical model.) Aiso shown is tile
for ce specification which is

deriving (ill’ force  specification
Cassint generic
very uch greater than the data.



